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ABSTRACT
Aims: The aim of this study was to assess the efficacy and safety of timolol in the treatment of myopic regression after laser
in situ keratomileusis (LASIK). Method: The methodological quality of the studies included was assessed using the Revman
5.3 software. Results: We included six clinical trials involving 483 eyes in this review, including 246 eyes in treated group
and 237 eyes in controlled group. We observed statistically significant improvements on the postoperative SE in the 3 months.
However, the change of CCT was not statistically different between the control group and the experimental group. There
were fewer cases of IOP, UDVA, and CDVA in treated group having significant difference from the controlled group.
Conclusions: Topical timolol could be an effective treatment for reduction of myopic regression especially the spherical
errors after myopic LASIK. Further RCTs with larger sample sizes for these trials are warranted to determine the efficacy and
limitation for myopic regression after LASIK.
This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-Non
Commercial-Share Alike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as

long as appropriate credit is given and the new creations are licensed under the identical terms.

INTRODUCTION

Laser in situ keratomileusis (LASIK) is thought to be
an effective and safe refractive surgical procedure for
the high myopia [1]. Along with the continuous
renewal of equipment instrument and the continuous
improvement  of  surgical  technique,  most
postoperative patients obtained satisfactory results.
However, at least 28% of refractive surgery patients
still experience myopic regression [2-5].

In previous studies, “regression” was defined as a
0.25- diopter (D) or greater myopic shift occurring
between follow- up visits [4-7]. Nevertheless, the
mechanism  for refractive regression is very
complicated and is not fully understood. The main
possible explanations for regression are focused on the
forward shift of the cornea [8-11]. It has been
suggested that intraocular pressure- (IOP-) lowering
agents or the corneal biomechanical change can
decrease and alleviate myopic nonselective B-blocker
with carbomer and polyvinyl alcohol [12]. Timolol
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provides ocular comfort and lubrication and also
increases retinal and optic nerve perfusion. It can
reduce IOP by decreasing aqueous humor production
and has no obvious side effects. Because of the
properties noted above, topic timolol eye drops are
indicated for the treatment of myopic regression. A
number of clinical trials had been conducted to
evaluate timolol’s effectiveness and safety. However,
the results were inconsistent; therefore, we set out to
conduct a systematic review and meta-analysis to
assess the evidence for treating regression.

MATERIALS AND METHODS

Search Strategy and Selection Criteria

The search terms used were “Timolol AND (myopic
OR regression OR regressive)”. Furthermore, we
reviewed citations in the retrieved articles to search
for additional relevant studies.
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Inclusion and Exclusion Criteria

RCTs were eligible for inclusion if the following

criteria were satisfied:

1. There are controlled clinical trials, including
retrospective studies and prospective studies such
as randomized controlled trials (RCTSs).

2. There is confirmed diagnosis of high myopic,
spherical equivalent (SE) > —6.00 D; age of
patients is 19 years or more.

3. Studies that reported the follow-up results beyond
2 weeks concerning LASIK treatment for myopia
are included.

4. Patients were subjected to topical timolol eye
drops daily for more than two weeks.

5. Treatment with topical timolol eye drops was
com- pared with artificial tears, placebo (vehicle),
with no topical treatment.

6. We included any RCTs that examine at least one of
the following outcomes: IOP, spherical equivalent,
CCT, UDVA, and CDVA.

Studies were excluded based on the following criteria:

1. Patients had a history of other ocular diseases,
espe- cially the glaucoma, active inflammation.

2. Outcomes or data are presented in a format
that cannot be extracted for analysis.

3. Patients had the refractive surgery but not the
LASIK.

Data Extraction and Assessment of Bias Risks
All articles were read by two independent reviewer
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sample size, gender, mean age, duration of follow-up,
and outcome measures. The risks of bias in the
included studies were assessed according to the
recommended methods of the Cochrane handbook.
We evaluated random sequence generation and
allocation con- cealment (selection), masking of
participants and personnel (performance bias),
masking of outcome assessment (detec- tion bias), and
incomplete outcome data (attrition bias).

Statistical Analysis

We used the Review Manager 5.3 to perform our
meta-analysis. We calculated the weighted mean
difference for continuous data. We used the SMD to
analyze the results on a uniform scale. The absolute
value is interpreted together with the P value and
confidence intervals (Cl). We evaluated the statistical
heterogeneity by Cochrane

x? tests and qualified it by calculating the I? statistic.
If there was any significant heterogeneity between
studies (12 > 50%), a random effects model was used
to pool the data; otherwise a fixed effect model was
used. We considered conducting a sensitivity analysis
by excluding studies which were at high risk of bias in
the protocol, but the current study does not include
many more meta-analyses so the sensitivity analysis
was not done. If possible we will do further sensitivity
analysis, so that we can judge the importance of
review results to crucial decisions and assumptions
that we have made during the review. In addition, we

(Dr. Prakhar) independently who implemented the performed subgroup analysis to identify the
data extraction according to the inclusion criteria. He  differences in different follow-up.
use a standardized form to record data on the authors
of the study, year of publication, country of origin,
tentially relevant articles
identified: 787
IEDLIME: 68
IMBASE: 294
NKI: 409
BM: 16
.| Excluded as irrelevant or
repetitive to our subject: 699
Titles and abstracts
screened: 88
¥ Mot eligible: 75
Articles obtained for full text
review: |3
Studiesexcluded: 7
Data not inusable format: 2
Mot RCTs: 3
Eligible RCTs: 6
FIGURE 1: Flowchart of the trial selection process. RCT: randomized clinical trial.
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RESULTS

We identified a total of 787 titles and abstracts from
the literature, and we retrieved 13 full texts for review.
We finally included 6 RCTs in our systematic review
and meta-analysis [13-18] (Figure 1).

Characteristics of Included Studies

A total of 398 patients with LASIK were enrolled in
these studies. Table 1 summa- rizes the main
demographic characteristics of the included trials.
Table 2 shows the clinical profiles of the eligible studies.
The 6 included studies included 4 prospective studies
[13, 15,

16, 18], involving a total of 471 eyes, including 240 in
timolol group and 231 eyes in control group. The six
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articles were published in the last five years. The mean
age of participants was 24.24 years, and 49.5% were
male. The follow-up period ranged from 7 days to 12
months. Four studies [13-16] use 0.5% timolol.
Topical timolol was prescribed twice daily in five
studies except only one study [18]. The mean pre-
LASIK SE is —=7.575 D. There is no difference between
the two groups.

Risks of Bias in Included Studies

Figures 2(a) and 2(b) summarize the risks of bias
assessment of the 6 included studies. The adequate
methods of sequence generation were used to
minimize selection bias in 4 of the studies [13-16].

TABLE 1: Demographic characteristics of eligible studies.

Study . . Gender (male : female) Mean age (Yr) £ SD
Country Population

((year) Timolol Control Timolol Control

Zhongwen 2014 [13] China 60 NS NS 2447+£545 2507+6.23

Guan 2013 [14] China 60 1§:12 16: 14 20,0+ 750 22.0+£550

Shojaei etal. 2012 [15] Iran 90 9: 36 [5:30 33311090 3442 £8.57

Zhang etal. 2011 [16] China 60 NS NS 25.37+6.13 2453£231

Yangetal. 2010 [17] China 53 NS NS NS NS

El-Awady et al. 2010 [18] Egypt 75 NS NS NS NS

SD: standard deviation; Yr: years; NS: data not available.

TABLE 2: Clinical characteristics of eligible studies.
Study Studv desion CONC. 0f Timolol regimen Mean pre- I,“ASIK SE+ 5D, Mean pre-LASIK 0P,
- tudy design " o . Follow-up diopters mmHg
(year) timolol (%)  and duration . .
Timolol Control Timolol Control

Zhongwen  progpective .5 Twiceadayfor  IWKImo' 00 07 9300110 16332260 16:90£3.00
2014[13] I mo I mo/6 mo

i 2 . i )
Guan 2013 NS 05 Twiceadayfor 5, 5854250 -5.64+231 14654235 15454213
Shojacietal.  progpective 0,5 Twiceadayfor — 3molbmo’ g0, 341 4870188 12BLIS 12382165
2012[15] 6mo 12 mo
Zhangetal. propeciive 5 Twiceadayfor — Lwklm 400,100 24536231 152618 1511225
2011 [16] 1 mo Imo
Yangetal. NS 0.025 Twiceadayfor 01304 653240 NS NS
ERAwadyet  progpective (.1 Onceadayfor ) NS NS NS NS

SD: standard deviation; Yr: years; mo: months; wh: weeks; Cone.: concentration; NS: data not available.

For performance and detection biases, 4 studies [13— Outcome Measures

15, 18] reported using blinding method to performance
and outcome assessment. For attrition bias, only 1 trial
[15] had high loss to follow-up and was judged from
high risk of bias. In the other studies, attrition bias
was considered to be possible. In the included trials,
reporting bias was not considered to be a major
problem but it was always difficult to evaluate it
sufficiently.
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Spherical Equivalent: Four studies reported the final
refractive spherical equivalent after being treated for 3
months, 6 months, and 12 months, respectively, and
used the random effects model to analyze the data for
heterogeneity (1> = 0%, 97%, 99%). There was
statistically significant difference between the two
groups in the follow-up for 3 months (SMD = 0.58,
95% CI = 0.31 to 0.85; P < 0.0001). However, in
6months (SMD = 1.98, 95% CI = —0.40 to 4.36; P =
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0.1) and 12 months (SMD = —1.08, 95% CI = —5.67 to
3.52; P = 0.65), there were no differences between the
two groups (Figure 3).

Central Corneal Thickness

The data of the central corneal thickness were used the
fixed effects model to analyze the heterogeneity (I =
0%). The change of CCT was notstatistically different
between the two groups (MD = —2.41, 95% CI =
—8.61 t0 3.79; P = 0.45) (Figure 4).

Intraocular Pressure: There were 2 studies [13, 16]
that reported the intraocular pressure, showing
significant difference between the two groups (SMD
= -0.39,95% CI

=—-0.75t0—0.03; I? = 45%; P = 0.03) (Figure 5).

UDVA: Each of the 2 studies reported the logMAR
UDVA that used the fixed effects model to analyze
the data for heterogeneity (I2 = 96%, 25%) in different

time points. There were significant differences
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between the two groups in the follow-up for 6 months
(MD = -0.02; 95% CI = —0.04 to 0.00; P = 0.05) and
12 months (MD = 0.15; 95% CI = 0.07 to 0.23; P =
0.0002) (Figure 6).

CDVA: There were 2 studies [15, 18] that use the
logMAR CDVA to measure the outcome and then we
used the fixed effects model to analyze the data for
heterogeneity (1> = 39%); the results show that it is
significantly different between the two groups in the
follow-up for 12 months (MD = 0.03; 95% CI = 0 to
0.05; P =0.20) (Figure 7).

Heterogeneity and Publication Bias

Some outcomes displayed great heterogeneity. The
heterogeneities of SE and IOP were significant, and
dropping eligible studies by hand and metaregression
have not provided good results. Maybe it is because of
the different measure tools. No significant publication
bias was demonstrated in the funnel plot.

? Random sequence generation (selection bias)
7 |Adllocation concealment (selection bias)
{B+ Blinding of participants and personnel {performance bias)
i* Blinding of outcome assessment (detection bias)
P* ncomplete outcome data (attrition bias)
0

Selective reporting (reporting bias)

Random sequence generation (selection bias) S e

Allocation concealment (selection bias) NG

Blinding of participants and personnel ( performance bias) D e
Blinding of outcome assessment {detection bias) [
Incomplete outcome data (attrition bias) I |

Selective reporting (reporting bias) NG

I 00

B Low risk of bias
[0 Unclear risk of bias

(b)

Orther bias

0 25 50 75 100
(%a)

B High risk of bias

FIGURE 2: (a) Risk of bias summary: authers’ judgments about each risk of bias item for each included
risk. (b) Risk of bias graph: authors’ judgments about each risk of bias item presented as percentages
across all included studies.
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DISCUSSION

Meta-analysis attempts to analyze and combine the
results of previous reports [19]. This systematic
review provided a critical overview of previous
clinical reports and combined effect measures of
timolol in multiple small clinical trials to increase
statistical power. It included six trials using timolol to
prevent and treat the myopic regression after LASIK.
All trials were implemented in developing countries
because of the higher incidence than developed
countries. There are still no large multicenter
randomized trials to assess the efficacy and safety of
timolol on the treatment of myopic regression.

As a common clinical phenomenon, refractive
regression can affect the predictability, efficiency, and
long-term stability of refractive surgery and lead to
deterioration in visual per- formance and even
seriously affect the surgical curative effect and patients’
satisfaction. So the prevention and treatment of
refractive back after the surgery are very important to
the quality of patient’s life in the future. Nevertheless,
there are no unified and effective methods in the
treatment of myopic regression. Secondary surgery is
an inacceptable method for patients and doctors; both
of them have very big challenge. In contrast, effective
drug treatment is a lower risk more easily accepted by

patients.
There have been many factors which associated with
myopic  regression  after LASIK, including

preoperative refraction [4, 5, 19-23], preoperative
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keratometry [20, 21, 24], corneal thickness [11, 23],
flap thickness [24, 25], ablation depth [21], optical
zone size [21, 26], chronic dry eye [27], age[21],
surgeon, 0P [20, 22], postoperative undercorrection,
and humidity. The occurrence of refractive regression
has the relation with the corneal wound healing
response, the destruction of the corneal biomechanics
structural integrity, and relatively high intraocular
pressure and closely related to the occurrence of
postoperative dry eye. There is a debate according to
the role of CCT in myopic regression. Kamiya and
associates [28] present a theory to assess the effects of
nipradilol, an 10P-lowering agent; Pan et al. [11]
compared regressive eyes with nonregression after
LASIK and indicated that refractive regression after
LASIK might be mainly induced by corneal
protrusion, rather than central corneal thickening. That
is what happens with any refractive procedure or flap;
the corneal biomechanics changing may be a factor
of the myopic regression. From these stud- ies, we
conclude that LASIK can lead to the destruction of
the corneal biomechanics structural integrity, corneal
injury repair reshaping in the early postoperative
stage, the strength of the corneal resistance reduced,
intraocular pressure remaining unchanged, and
intraocular pressure greater than the corneal
resistance. Therefore, the bulging forward of the
cornea that caused corneal diopter increasing is the
primary cause of myopia refractive regression after
LASIK [29].

Timolcl Control ) Std. mean difference Std. mean difference

Study or subgroup Weight

Mean SD Total Mean SD  Total IV, random, 95% CI IV, random, 95% CI
3.1.1 SE for 3 months
Zhongwen 2014 017 04 30 -0.03 036 30 143% 0.52 [0.00, 1.03] [
Shojaei et al. 2012 -112 099 51 -1.63 061 51 14.5% 0.62 [0.22, 1.01] -
Zhang etal. 2011 -0.05 012 30 -0.14 018 30 14.3% 0.58 [0.06, 1.10] .-
Subtotal (95% C1) 111 111 43.1% 0.58[0.31, 0.85] +
Heterogeneity: B2 = 0.00; @2 = 0.09,df = 2 (P = 0.96); 12 = 0%
Test for overall effect: £= 4.23 (P < 0.0001)
3.1.2 8E for 6 months
Zhongwen 2014 003 008 30 -018 037 30 143%  0.77[0.25 130] -
Shojaei et al. 2012 088 091 48 -183 076 47 141% 3.20 [2.59, 382] -
Subtotal (95% C1) 78 77 28.4%  1.98(-0.40,4.36] +lil—
Heterogeneity: B2 = 2.86; B2 = 34.61,df = 1(P < 0.00001); 12 = 97%
Test for overall effect: Z= 1.63 (P = 0.10)
3.1.38E for 12 months
El-Awadyetal. 2010 -086 093 45 -191 0.7 45 144% 1.26 [0.81, 1.72] -
Shojaei et al. 2012 -094 107 50 187 035 45 141% -3.43[-407,-2.79] -
Subtotal (95% C1) 95 90  28.5% -1.08[-5.67,3.52] e —
Heterogeneity: B2=10.93; B2 = 137.22, df = 1(P < 0.00001); I = 99%
Test for overall effect: 2 = 0.46 (P = 0.65)
Total (95% Q) 284 278  100.0% 0.51[-0.68,1.70] ‘?‘

Heterogeneity: B2 = 2.52; @2 = 229.52, df = 6(P < 0.00001}); 2 = 97%
Test for overall effect: Z = 0.84 (P = 0.40)

Test for subgroup differences: @2 = 1.83, df = 2(P = 0.40): 12 = 0%

Fawours timolol Favours control

FIGURE 3: Forest plot comparingthe spherical equivalent refraction in timolol and control groups.
SD:standard deviation; 1V: inverse variance; Cl: confidence interval.
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Timolol Control Mean difference Mean difference

Study or subgroup Weight

Mean 5D Total Mean SD  Total IV, fixed, 95% CI IV, fixed, 95% CI
321CCT #
El-Awady et al. 2010 4296 181 50 4323 222 45 57.1% -270([-1090.5.50]
Zhongwen 2014 44053 3801 30 44543 27.69 30 13.6% -4.90[-21.73, 1193 _
Shojaet etal. 2012 462.44 4377 45 46548 3351 45 14.8% -3.04 [-19.15, 13.07] R .
Yang et al. 2010 4755 295 33 4738 374 33 14.5% 170[-14.55 17.95] I
Subtotal (95% CI) 158 153 100.0% -2.41[-8.61,3.79] >

Heterogeneity: B2 = 0.34,df = 3(P=095): [* = 0%
Test for overall effect: Z=0.76 (P = 0.45)

| | | |
=50  -25 0 25 50

Favours timolol Favours control

FIGURE 4: Comparison of central corneal thicknessin patients with myopic regression after LASIK.

Timolol Control Std. mean difference Std. mean difference
Study or subgroup Weight
Mean SD Total Mean 5D Total IV, fixed, 95% CI IV, fixed, 95% (I
jitior
Zhongwen 2014 1409 203 30 1557 246 30 487%  -065[-117.-0.13] = o
Zhang etal. 2011 1141 122 30 1167 215 30 51.3% -0.15 [-0.65, 0.36] . B
Subtotal (95% CI) 60 60 100.0% -0.39[-0.75.-0.03] <

Heterogeneity: B2 = 1.83, df = 1(P = 0.18); I = 45%
Test for overall effect: £ = 2.11(P =0.03)

Favourstimolol  Favours control

FIGURE 5: Intraocular pressure in timolol and controls groups.

Timolol Control Mean difference Mean difference

Study or subgroup Weight

Mean SD Total Mean SD Total IV, fixed, 95% (I IV, fixed, 95% Cl
341 UDVA for & months
Zhongwen 2014 0 004 30 004 005 30 84.7% -0.04[-0.06,-0.0Z] ‘.‘
Shojaciet al. 2012 -02 016 48 -036 02 47 B4A%  0.16[0.09. 0.23] e —
Subtotal (95% Q1) 78 77 93.1% -0.02 [-0.04, -0.00] L 4
Heterogeneity: 2 = 26 00001); I* = 9%

Test for overall effect: 2= 1.98 (P =0.05)

34.2UDVA for 12 months

El-Awady et al. 2010 044 02 50 042 08 45 08% 0.02[-0.22 026]
Shojaei etal. 2012 -0.21 019 45 -038 022 45 62% 017[0.09,0.25] L
Subtotal (95% C1) 9% 9 69% 015[0.07,023] i
Heterogenenty: 8¢ = 1.33.df = 1(P=0.2

Test for overall effect: Z=3.75 (P = 0. 1002)

-

Total (95% C1) 173 167 100.0% -0.01[-0.03,0.01]

Heterogeneity: B2= 44.78, df = 3(P < 0.00001); I = 93% I I I | I
Test for overall effect: Z= 092 (P =0.36) 02 -01 0 0.1 0.2
Test for subgroup differences: @2 = 17.15. df = 1(P < 0.0001); IZ = 94.2% Favourstimolol ~ Favours control

FIGURE 6: Comparison of logMAR UDVA between the two groups in different time.
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Timolol Control Mean difference Mean difference
Study or subgroup Weighi
Mean SD Total Mean SD  Total IV, fined, 95% (1 IV, fixed, 95% CI
351 CDVA
El-Awady et al. 2010 066 008 50 065 007 40 441% 0.01[-0.02,0.04] =
Shojaeiet al. 2012 -0.043 005 45 -0.08 008 45 55.9% 0.04[0.01,0.08] ._B
Subtotal (95% Q) 95 85 100.0% 0.03[0.00.0.05] L 4

Heterogeneity: @° = 1.63,df = 1 (P = 0.20); 1* =39%
Test for overall effect: Z=2.39 (P =0.02)

] I ] T T
-02  -01 0 0.1 0.2

Favourstimolol ~ Favours control

FIGURE 7: Comparison of logMAR CDVA between the two groupsin two studies.

Timolol as a kind of commonly used ocular
hypotensive agent has a good clinical effect. So far,
however, because of LASIK postoperative corneal
shape to the process and the fact that its mechanism is
not clear, when we use timolol postoperatively, the
use of the drug dose and time have not yet been
determined. So this meta-analysis for the effects of
timolol for prevention and treatment of refractive
regression made a systematic review.

The results of this meta-analysis show that we can
use the timolol eye drops to prevent and treat myopic
patients undergoing LASIK and occurring refractive
regression. The SE in 5 trials mentioned have
statistical differences between the timolol groups and
the controlled groups (P < 0.05); it declared the fact
that the 10OP after LASIK is one of the reasons for
the SE decline. These results indicate that I0OP
reduction may have induced a backward shift of the
cornea and reduction of corneal refractive power,
resulting in refractive improvement in post-LASIK
eyes. It may be that the morphologic properties of the
cornea are affected easily by subtle changes in 10P
and atmospheric pressure when corneal rigidity is
impaired by flap manipulation and laser ablation such
as LASIK. But the CCT in four trials have no
significant differences between the timolol groups and
the controlled groups (P > 0.05). The result indicated
that the corneal hydration may not play an important
role in the refractive changes in these studies. The
IOP, UDVA, and CDVA in treated groups are
significantly different from those in the controlled
groups (P < 0.05). Shojaei et al. [15] concluded
that the SE, UDVA, and CDVA improved in patients
with myopic regression after timolol application
compared with the control group and improvement
lasted for at last 6 months after timolol was stopped.
Zhongwen [13] also chooses the follow-up for 6
months after LASIK to compare because myopic
regression can be stable in 6 months. The timolol dose
is 0.5% gel that can be better for patients.

This meta-analysis still has some limitations. First, the
studies only have six trials; it is not enough to analyse
the outcome and it is easy to produce bias. In addition,
some parameters had relatively large heterogeneity.
The hetero- geneities of SE and IOP were not

©2018lInt. J. LifeSci.Biotechnol.Pharma.Res.

explained due to different surgical techniques,
different methods of measurement, or different
follow-up periods in different trials. However, we still
believe that the results of this meta-analysis are
useful, because the meta-analysis includes a relative
large number of studies and cases which provide a
strong power and the consonance of previous results
and sensitivity analysis.

In conclusion, timolol was effective for reduction and
improvement of myopic regression especially the
spherical errors after myopic LASIK. Importantly,
further RCTs with large sample size are needed and the
search for more effective and cheaper interventions for
this trial would be necessary.
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